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Abstract 
The main concern o~ the present research was to study 
the combined effects of UCS strength and CS - UCS delay on 
poison-based aversions using intubated saline as the UCS. 
One hundred and sixty male al ino rats were used in a 4 X 5 
• 
(Concentration x Delay) factorial design exneriment. Saline 
concentrations were 0.9~, 2.7~, B.lf and 12.15~ (w/v), while 
CS- UCS delays were 0.5, 1.5, ~.5, 13.5 and 24.0 hr. Each 
animal was intubated with one saline concentration at one 
delay following presentation of 0.51 (w/v) sodium saccharin. 
All Ss were 24 hr. water-deprived throughout the experiment 
except during the three recovery days following intu ation. 
The results showed that all three experimental saline 
concentrations were effective (compared to isotonic saline 
control groups) in producing aversions at the three shortest 
CS - UCS delays on the first post-training preference test 
day. These aversions were of varying strengths and they 
extinguished at different rates. For example, aversions 
wita the 12.151 solution were the strongest, those with 
the 8.1% solution the next strongest and those with the 
2.7% solution the weakest. Extinction, measured in terms 
of the amount consumed on five successive test days, 
ii 
followed a similar pattern with the 12.15% groups 
extinguishing slowest and the 2.7% groups fastest. 
Gradients of aversions related to the CS - UCS interval 
were not quite so orderly in that the 0.5, 1.5 and 4.5 
hr. groups all showed approximately the same level of 
aversion on the first t~st day. Moreover, no delay longer 
than 4.5 hr. led to a signiricant aversion at any of the 
saline concentrations used. 
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Introduction 
Paradigm used in poison-based avoidance learning 
The paradigm which is used to demonstrate poison-
based avoidance learning is a very simple one. Ingestion 
o£ a harmless food (CS) is £ollowed- after some period of 
time, by sickness (UCS)~ Upon complete recovery from the 
sickness, Ss are allowed to consume the same £ood substance 
and, when comparisons are made with appropriate controls, 
it is typically found that they now avoid the food which 
preceded the induced sickness. 
The use of induced sickness as a UCS in learning 
studies developed during the 1950's from observations 
which showed that radiation sickness could be produced in 
animals and used as an unconditioned stimulus (Garcia, 
Kimeldorf, Hunt & Davies, 1956; Garcia, Kimeldorf & Koelling, 
1955; Leary, 1955). Even earlier than this sickness caused 
by lack of an essential substance, such as thiamine or 
another vitamin, had been observed to lead to a change in 
an animal's choice of diet (e.g., Harris, Clay, Hargreaves 
& Ward, 1933; Richter, 1936; Richter, Holt & Barelare, 1937; 
Young & Chaplin, 1945). The cause for this dislike of a 
deficient diet was thought at first to be instinct, and more 
emphasis was placed on the increased preference for any 
novel diet given the animals at this time than on the 
dislike for the deficient one. More recent work, however, 
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has shown that the change in Preference is based on more 
~eneral learning principles (e.~., Rodgers ~ Rozin, 1966; 
Roztr, J967; 968; 1969a; Rozin & Rod~ers 1967; ~ahorik 
~ ~aier, 1969) insofar as the ~hange t~ pro~ ced by slow 
oi.sc ing from the deficient diet. Hence it has been 
S\~Qested that nrefe-en.e changes caused bv deficient diets 
and those caused y the more rapid sickness induced by 
rad·ation may be two rorms of noison-based avoidance learning 
(e.c., Roz·n, 1968; Rozin . Kalat, 1971 
The two main differences between poison-base avoidance 
learning and traditiona forms of learning appear to be the 
nurrber of training trials and the time between CS and TTQCt 
that will produce a learned response. ~ewer tra·ning trials, 
often on v one, are typically successful in producing po·son-
based ave~sions. This in itself is not unusual since one 
trial lea~ning can and does occur in passive avoidance 
Rituations (e.g., ~ssman ~ lpe-r>n, 1964). In avoidance 
conditioning, however, one trial learning is the exception 
-rather than the rule. Moreover, in ooison-based avoidance 
learn;ng, one trial aversions are learned over CS - DCS 
intervals of several hours. T ese two diffeT>ences, in the 
past, have been the main reasons for much of' the skept·cism 
with wh5ch many have viewed poison-based avoidance learning. 
I~ ~act, mos~ theor·es of earning assu~e that the main 
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pre-requisites for learning are the occurrence of many 
reinforced training trials and close temporal contiguity 
of the stimuli to be associated. As a result, the first 
reaction of some was to attribute the unusual findings 
of poison-based avoidance learning to such artifacts as 
habituation and sensitization, or to mediation by after-
tastes or secondary reinforcers. 
Habituation would explain the results of poison-based 
avoidance learning by positing that the animal did not form 
an aversion to the substance but simply became tired of 
consuming it because of repeated presentations. However, 
many poison-based avoidance learning studies have included 
groups of subjects which received the same exposure to the 
test substance, but underwent no induced sickness (e.g. 
Farley, McLaurin, Scarborough & Rawlings, 1964; Garcia, Ervin 
& Koelling, 1966; Garcia, Kimeldorf & Hunt, 1961; Kral, 1970; 
McLaurin~ 1964; McLaurin & Scarborough, 1963; Revusky, 1968; 
Smith & Birkle, 1966; Smith & Roll, 1967). In these 
experiments repeated exposure to the test substance alone 
was not enough for an aversion to it to occur. In fact, 
there is evidence in some of these studies that preference for 
the test substance actually increased if the substance was 
not followed by aversive stimuli. 
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Sensitization is not the explanation of the results 
or poison-based avoidance learning Stldies either. That is 
to say, it could be argued that presentation of the punishing 
or aversive stimulus without nrior occurrence of the response 
could be enou'""h to lead to reduced consumpt:i on of' the test 
substance. There are ma y studies, though, which show that 
if the test food is not consumed prior to the induced sickness 
no aversion to the test f'ood s formed (e.~., 1arcia, ~rvin 
~Koelling, 196~; Garcia, Kimeldorf' x Hunt, 1961; _ evus~y, 
1968; ~mith ~ Birkle, 196~; ~mith, Tavlor, Morris ~ 1endricks, 
1965). The only possible exce11t:lon to this finding occurs 
if the 8.3 is presented after the FCS, but while the s bject 
is still suffering the effects of the induced sickness (e.g., 
McLaurin, 964). 3ere aninals that underwent such a treatment 
did form an aversion. McLaurin argued t~at this was evidence 
that poison-based aversions were not a normal form of learning, 
and that, in fact, sensitization could exnlain the f ndings. 
This, however, was not the case because subjects had 
exnerienced the shortest CS - 'C'CS delay possib e. T'v:~.t is to 
sav, the preference tests started im~ediately after radiation 
exposure so that subjects consumed the test solution (C~ ) whe 
they were still suffering the effects of the radiation sickness, 
which is known to last for some hours after exposure (Revusky 
& Garcia, 1970). The sickness was, therefore, contiguous 
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w"th the c~. Hnnce, even ·n tnis instance, there is no 
ev"dence to support the use or sensitization as an 
exoLanntior. of poi~on-ba8ed avoida~ce learning. 
The other two possibilit" ~ rhich have been suggested 
as alternatives to poison-based avoidance learning are that 
the resoonse is mediated by artertastes or by secondary 
rAinf'orcers. It js known from more traditional learning 
~ihlat· ns that "f' learning is to occur with lon~ delavs 
between response and rein£orcement so~e cue Must be present 
to helD t~e an1Mal mediate the temporal gap. for example, 
both ShilliYJg (1951, and .:arker (19.56) f'ound that lever 
pressi.ng cou d be maintained vJi th delays of' reinforcement 
uD to i'ive and ten seconds, respectively. T~is abil"ty was, 
however, correlated with the rat maintaining its orientation 
towe:rd the lever duri.r:g the delay interval uhich, in some 
-r,.ray, brid,.eri the time between the resnonse and reinforcement 
for the ani.~al. The most obvious way that flavor aversirns 
could e ~ediated is by aftertastes. That is to ~a , the 
f'lavor of the test ~u stance is still experienced by he 
rat at the time the sickness is indtced, hence el;minating 
the effective CS - r~s interval. ~he like "hood of this 
hapnen"ng beco~es very remote when one considers some of' the 
delavs involved. In the experi ents by Nachman (1970a), Revusl{y 
(196P) and ~mith and Roll (1967), for exa~ple, the cs - rms 
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intervals of some of the roups tested were at least six 
hours. L.fter an i:r:terval of this length. tbe substance, 
such as sucrose, has been digested by the stomach and the 
only trace of it would be the slight r"Qe in blood sugar 
level which it would be il"lPo~sible for the rats to taste. 
T1is ~act alone should te enou~h to render the aftertaste 
hy~othesis unsatisfactory. It was also argued that an 
aftertaste could ~e provided by the "nduced sickness leading 
to the animal vomiting the CS, again causing close te~ oral 
conti uit~ of CS and UCS. However regurgitation of the CS 
is not a tenable explanation either since, as Garcia and 
Ervin (1968) observe, rats can not vomit. ~ven jf rats could 
re ur-itate, the CS has already been digested with some of 
the 0~ - TICu dPlays at Which aversionS have been found. 
Thirdlj, aversions have been found in studies where the only 
C~ present wa~ a small aMount of a hydrochloric acid solution 
~T'-:ich col.ld not have produced a roticeab e change :!.n the hydro-
chloric acid. level of' the st0mach and hence could not have 
been Letectcd by aftertastes (see Revusky ~Garcia, 1970). 
I inally, ::1'a0hman ( 1g70a) has obtained aversj ens using 
te.,.,nerature of water a~ the C.J, thus precludin~ the y.>ossi "1-
ity of aftertastes occurring at all. T~e conclusion from 
these stud"es, and others, can only be that poison-based 
aversions can not ou explained with mediat"on y aftertastes 
a~ an exnlanat1 ~ 
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The 0 her possible source of ~e ·~t1on is by secondary 
ni hment. That i~ to sav, the immediate physiolo5 ical 
results of eating become secondary punishers by being paired 
with primary punishment. In this way, secondary punishers 
can mediate the time delay between CS {eating) and primary 
punishment (sickness). •In order for this to occur, however~ 
the primary punishment and the CS would have to be paired 
on ore than one training trial, since the ingestion or the 
c can not serve as a secondary punisher to mediate learning 
over long delays unless it has previously been pa ed with 
sickness. Hence, such an explanation is negated by the 
rowing number o~ stt·dies that have obtained aversions in 
one training trial over long delays (e.g., Nachman, l970a; 
evusky, 1968; Smith x Roll, 1967). 
The evidence cited against the occurrence of habituation, 
sensitization, mediation by aftertastes and mediation by 
secondary punishers by no means exhausts the number o~ 
studies that have been done in the area o~ poison-based 
voidance learning. For this reason Table 7 (Appendix) has 
een included to give t~e reader an indication or the 
n eer of experiments that have produced flavor aversions 
with various toxins. 1any or these studies also incl de 
the control groups necessary to rule out the presence of 
artifacts in poison-based avoidance learning. 
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aving clAarly ~otablished that poison-~ased ave~sions 
are a learned ry~eno~enon, researchers have shifted the"r 
interest in ~ere ~ecent ~e ~s. T~e ~ain concerr of recent 
war: has benore the co~parison of the sir~·larities and 
differences between the poison-based avoidance paranigrn and 
more traditional forms f learnin~ such as cla~sical and 
instrumental learning. as already noted the main diff'er~nces 
between the lea.rnino.; of' poi son-b8.Red avers ·.ons and the learn-
"ng of more conventi0nal classical and/or instrumental 
responQes appear to be the occurrence of' one tria and long 
elay learning within the framework of the noison-based 
avoidance learning paradi~m. iowever, it is ecomin~ clear 
that many other phenomena that are f'on.nd in more raditional 
paradigms also occur in a siMilar way in the no1sor.-based 
avoidance Ri t11at~on. For exa~ple, Revuskv and Garcia (1970) 
have reviewed the 11terature and concl~ded that, when floor 
and ceiling effects are not allowed to obscure the data, the 
usual relationships are found between intensity of' UCS's, 
strength of aversion formed, and num)er of trials necessary 
to prodt.ce an aversion. IJ:oreover, tynical delay of reinfo,...ce-
ment gradients are f'ound when the CS - rc~...~ interval is extende(i 
sufficiently (e.3., Smith & Roll, 1967). }inally, Revusky 
(1971) has reviewed evidence which shows that phenomena 
s ch as overshadowing, blocking, latent inhibition and 
sensory pnecon~·tioning occur in the poison-based avoidance 
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learning paradigm as well as in classical and instrumental 
learning paradigms. These learning phenomena, like the 
ones above, seem to behave in the same way in the various 
paradigms when the parameters are adjusted appropriately. 
For instance, overshadowing can be shown to occur as 
£ol1ows. Rats who had been given saccharin and were made sick 
one hour later were given various concentrations o£ vinegar 
to drink during the OS - UCS interval. The stronger the 
vinegar concentration the weaker the aversion that was formed 
to saccharin. The vinegar taste had overshadowed the taste 
of the saccharin and interfered with the formation o£ the 
aversion (Revusky, 1971). 
As well as establishing that poison-based aversions are 
in fact learned aversions, and demonstrating the similarities 
between poison-based avoidance learning and other forms o£ 
learning, researchers in the area of poison-based avoidance 
learning have tried to explain the reason why one trial and 
long delay learning are possible and are often the rule rather 
than the exception in poison-based aversion learning. The 
principles postulated to explain these phenomena include 
stimulus relevance (Capretta, 1961), belongingness (Garcia 
& Koelling, 1966), preparedness (Seligman, 1970), and the 
failure of concurrent interference (Revusky, 1971). In 
general, each of the explanations uses some aspect of the 
relationship of the CS (taste) and the UCS (sickness) to 
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other and of their relationship to the animal's a~ility 
perceive them. This contrasts w;th older ideas that 
use of conditioned stimuli totally unfamiliar to the 
ject would lead to a less contaminated learning situat·on 
that, in theory, all stimuli have the same likelihood 
eing associated wit each other. The newer arguments 
Dd to center in one way or another around the idea that 
taste - sickness association is more "relevant" (i.e., 
e natural) for the animal than many of the other CS - UCS 
animals have been required to m e in the 
It should also be noted that these explanations are 
entirely different from each other. For examule, what 
~l-P.etta (1961) has called stimulus relevance is very si~ilar 
bat Garcia and Koelling (1966) have called belongingness 
to what Seligman (1970) has called preparedness. The 
section will, among other things, deal in detail with 
principle of stimulus relevance and the particular 
ental paradigm used in its development. 
as a toxin in the develo t of 
as an oison-
principle or stimulus relevance, as stated y 
(1961), was the first attempt to account for the 
ease with which associations between flavor and 
11 
ind,1ced sickness were made. It stated that "certain 
associations are formed ~ore easily if the events to he 
associated are capable of being perceived as elonging 
together (Capretta, 1961, p. 2l! )." It was adopted to 
account for the results of a study in which sickness caused 
ty the intubation of ~arine was an ef'fective stirnult's in 
the condittcned ~edification of food ureferences with 
chickens whe~eas shock to the ~e9t of rats was not effective 
in producing food preference modification. In the study, 
chi0ks had experienced co1o-r>ef1 .food associated wi h stomach 
loadings of mi ~' sa t water or plain water prio~ to eing 
fed one of two colored mashes. ~he association of the salt 
load with a particular color of maAh lee to a reduced 
nreference fo-r> food of that colour whereas the milk and water 
loads did n0t lead to chanp,ed prefe~ence values fo-r> the food. 
'rhe rats, on the other hand, were part of a pilot study 
carried out by Capretta (1961) and were given electrical 
f'oot-shoctr whenever they consumed one of' two sugar- saccharin 
sol1tions. rhere were no marked chan'-?;es ·n the rats' nrefel"-
ence for the solutions. When, however, rats were "ntubated 
V-ri th noxio1. s saline before consumption of' the preferred 
sollltion there was a significant reduction in the nreference 
value of' the solution. 
subsequent study bv Braveman and Capretta 1965) ~rovided 
further supDort for the relevance principle. here rats were 
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used in an experiment in which salt water intubation or shock 
to the feet was paired with a distinctive taste. The 
procedure with each UCS consisted of three phases - pretrain-
ing preference tests, training trials and post-training 
preference tests. In the shock experiment, subjects were 
shocked for consumption of their preferred solution while 
• 
consumption of their nonpreferred solution was not punished. 
In the sickness exper~ent, experimental subjects either 
received a salt water stomach load followed by access to 
the preferred solution on one day and a plain water stomach 
load followed by access to the nonpreferred solution on 
the next day, or vice versa. This two day cycle was repeated 
five times. In both experiments preference tests for the 
two solutions were carried out both before and after training. 
For the subjects in the sickness experiment and those in 
one subgroup of the shock experiment, pre- and post-training 
preference tests consisted of a two bottle test with the two 
solutions presented in the same place (i.e., a foods-together 
technique). Another subgroup of the shock experiment 
received pretraining preference tests which were identical 
to those just described, but post-tests consisted of 
presenting the two bottles at the same time but in different 
places, as they had been in training (i.e., a foods-apart 
technique). 
The results of the Braveman and Capretta (1965) study 
13 
showed that salt water intubation was effective in 
producing food preference modifications under a foods-
together testing technique. Shocked animals, tested under 
the same conditions which they had been trained under 
(foods-apart), did show the preference change whereas 
those tested with the foods-together technique showed no 
change. This indicated that with shock as the UCS it was 
the place cues (external stimuli) that were important to 
the association, a finding substantiated by Garcia and 
Koelling (1966) and by Garcia, Kovner and Green (1970). At 
the same time, Braveman and Capretta's sickness experiment 
showed that the pairing of taste cues (internal cues) with 
sickness led to the formation of' an aversion tha,~ was more 
pronounced than that produced by pairing shock with taste 
under comparable test conditions, a finding also substantiated 
by Garcia and Koelling (1966) and by Garcia, Kovner and Green 
(1970). Moreover, both of' these findings by Braveman and 
Capretta (1965) were in agreement with Capretta's earlier 
finding (1961) that the source of' the physical discomfort is 
important in conditioned food preference modifications. 
Since then the principle of' stimulus relevance and 
variations of' it have been used to account for long delay 
learning, i.e., the associations are "relevant" for the 
animal and hence can be formed even if the delay between the 
stimuli is several minutes or hours (Revusky, 1971). 
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Relevance principles have also been used to explain poison-
based avoidance learning with as few as one training trial~ 
i.e., the association is more relevant to the animal, in 
terms o£ survival ror instance, than more arbitrary ones such 
as associating barpressing with rood (Revusky, 1971). The 
principle of stimulus relevance has, moreover, become the 
central facet of Revusky's (1971) concurrent interference 
theory, one or the more important theoretical explanations 
of animal memory, which states that the events between the 
occurrence of CS and UCS interfere with the association 
between CS and UCS only i£ they are similar to, or relevant 
to, either CS or UCS. However, i£ CS and UCS are highly 
relevant to each other, the chance o£ interference £rom 
intervening events will be diminished. Hence the principle 
of stimulus relevance can be seen to be an integral part of 
concurrent interference theory which in turn can account 
£or long delay and one trial learning. 
In light o£ the contemporary importance of relevance as 
an explanatory principle, both in its own right and as a 
central part o£ the principle o£ concurrent interference, it 
is paradoxical that Capretta (1961) and Braveman and Capretta 
{1965) did not employ a long CS - UCS interval or one train-
ing trial in their studies. For example Capretta (1961) used 
nine aversive training trials and Braveman and Capretta 
(1965), five aversive training trials. Also both of these 
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The inability to find a clear-cut gradient of reinrorce-
ment was or particular importance since the occurrence of 
these gradients ~or learned taste aversions has been one of 
the strongest arguments in support of the view that long 
delay aversions do not violate the accepted ideas or learning 
becoming poorer at longer CS - UCS delays. Also, delay of 
rei~orcement gradients phave been shown to be a general 
characteristic o~ other toxins (e.g., apomorphine --Garcia, 
Ervin & Koelling, 1966; Green, 1969; cyclophosphamide 
Wright, Foshee & McCleary, 1971; lithium chloride - - Kalat 
& Rozin, 1971; Nachman, 1970 a; Rozin & Ree, 1972; thiamine 
de~iciency - - Garcia, Ervin, Yorke & Koelling, 1967; 
irradiation - - Revusky, 1968; Smith & Roll, 1967). Thus, 
on the one hand, the salt water intubation method has been 
the basis for a learning interpretation of poison-based 
aversions, but on the other hand an equivocal delay or 
reinforcement gradient was obtained when this technique was 
used at CS - UCS delays of up to seven hours. 
Among the possible factors which may have caused the 
~ailure to find a clear gradient in the two pilot studies 
are floor effects from the three training trials or the use 
of CS - UCS intervals which were not long enough. Either of 
these factors could have counteracted a delay o~ reinforcement 
gradient. Floor effects, in general, refer to the situation 
where di~ferential effects are obscured by minimal 
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consumption o~ the test solution by different groups of 
experimental animals. This leads to a situation where it 
is not possible to detect significant differences between 
the groups (Revusky & Garcia, 1970). There are two ways that 
this could have happened in the pilot studies. First, it 
could have occurred as a result o~ several CS - UCS pairings 
having been given be~ore any post-training preference tests 
took place. Toxins that might have produced aversions o~ 
different strengths a~ter one training trial may have 
appeared to be of equal strength after several training 
trials since the stronger condition (i.e., the shorter CS -
UCS delay) could have produced a maximal e~~ect after one 
or two trials, and hence not shown any improvement with 
~urther training trials. The weaker condition, meanwhile, 
could have also reached maximal e~~ectiveness by three trials, 
and would then have appeared as effective as the shorter 
delay by the time preference tests were begun. Secondly, 
gradient effects could have been absent from the data because 
o~ the use of CS - UCS intervals that were of insu~~icient 
duration. That is, a UCS which would show a delay of 
reinforcement gradient with CS - UCS intervals of up to 
eight or ten hours might not show the gradient at all if the 
CS - UCS intervals are of only short duration. In the case 
of the two pilot studies either or both of these possibilities 
could have counteracted the occurrence of a delay of 
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rein~orcement gradient. Perhaps a gradient would have 
occurred if only one CS - UCS pairing had been used, or if 
longer as - ucs intervals had been employed. 
The purpose o£ the present experiment was to 
investigate the use o£ one such CS - UCS pairing and 
longer CS - UCS intervals. Animals were intubated once with 
saline after consumption of a saccharin solution in order to 
assess the reinforcement gradient for this toxin. The CS -
UCS intervals of 0.5, 1.5, 4.5, 13.5 and 24.0 hr. were 
factorially combined with saline concentrations of 0.9~, 
2.7%, 8.1% and 12.15% (w/v). (The 0.9%, that is isotonic, 
saline groups served as control groups.) Parametric studies 
or this kind do not seem to have been very popular in poison-
based avoidance learning studies. In fact, only one study 
was found in the literature which also varied CS - UCS 
interval and toxin strength factorially. This was a study by 
Wright, Foshee and McCleary (1971) who examined the effects 
of cyclophosphamide as a toxin at various dosage levels and 
CS - UCS delays. The dosage levels and delays used were 25, 
50 and 75 mg/kg of body weight of cyclophosphamide at delays 
of 30, 75 and 120 min. Three pairings of drug and saccharin 
flavored water were followed by three -preference tests with 
saccharin alone. The subjects were on a 24 hr. water deprivation 
schedule throughout training and testing. The results of the 
post-training preference tests showed that drug-dose level, 
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cs _ ucs delay, number of trials and the drug-dose x trials 
interaction were significant. In short, they found that a 
gradient of reinforcement effectiveness did exist - the 
longer delays led to less marked aversions than did short 
delays and higher dosage levels of the UCS led to stronger 
aversions. In the present study, therefore, it was expectea 
that in general higher doncentrations would produce stronger 
aversions than lower ones, and that short CS - UCS delays would 
lead to stronger aversions than longer ones. It was also 
expected that higher concentrations would be effective at 
longer CS - UCS delays than lower concentrations ould. 
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"lethod 
..:>U jects 
T e ~s wero 160 experimentally naive male al ino rats, 
no a~s old at the start or t e exper·ment. These were 
ta".ed fr M the c~n2dian Bre~ding Laboratories and ere 
int · ed 1~ individ a. cages on ad li • food throughout 
t e periment. uiX Ss die~ during the experiment and ~ere 
re;l end ~n l ter re~lications so t at there were ei ht 3 
• 1 e ch AXperiMental nd co~trol 3roup. 
pparatus 
rest~nu ~~d trainin~ were carried o t ·n the anjmalts 
cme c ge. o..JDecial conta"ners '!t'8rA clipned to the sine of' 
t v cage ~or the presentaticn or tap water or the s ccharin 
{'Olt tion. .1! e '"'acch' rin solution used .'as a 0.5, ('!,.~tv) 
en c~ntration of' ~od"um saccharin. ~~P saline concentrat"ons 
.ts c1. foL "ntu Rtion ·:~ere 0.9, ?.?, 8.1 and 12.15, .. ( r/v) 
1 tinns of odium chloride in ater. 
01~ thylene cat~eter (I.D. = .034 i~., O.D. = .OSO in.), 
mouth race cut ~rore a No. 6 one hole hard ru er stonper, 
r .. d syr-i no-e i. n 8 :reotal stand. 
Proce ure 
U>on arrival at the la , all .2s were placed i.n individual 
, ges witl ad li £ood and water for t eA days • ..Lley were 
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then deprived of water for 48 hr. On the third day they were 
given water for three hours, and on the fourth day they were 
placed on a 10 - min. a day drinking schedule. Water intake 
during the 10 - min. drinking periods was recorded to the 
nearest 0.5 ml. for six days when all Sa reached a stable 
level of consumption. On the training day ~s, randomly 
assigned to one of 20 groups, received a 10 - min. drinking 
period with saccharin after 24 hr. water deprivation. Then, 
after a CS - UCS interval of 0.5, 1.5, 4.5, 13.5 or 24.0 hr., 
groups of ~s were intubated with a 1.5% body weight dose of 
0.9, 2.7, 8.1 or 12.15% saline. Two hours after saline 
intubation all Sa received water for six hours to facilitate 
recovery from the saline-induced sickness. Forty-eight hours 
after saccharin presentation all ~s were returned to the 10 -
min. a day water schedule. 
The intubation procedure used on training day was modelled 
after that of Capretta {1962) and Braveman and Capretta (1965). 
Briefly, intubation was accomplished by holding srs mouth open 
with the rubber brace and inserting the catheter directly 
into the stomach. The end of the catheter was first dipped 
in water to encourage the rat to swallow it. Once the 
catheter was in the ratts stomach, the saline was injected 
slowly by means o~ the syringe attached to the catheter. 
Five post-training preference tests began three days 
after the Ss had been returned to the 10 - min. a day drinking 
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schedule. These tests involved presenting the saccharin 
solution to ~s for 10 min. on every second day. The amount 
of saccharin or water consumed on each day was recorded to 
the nearest 0.5 ml. On the alternate days Ss received water 
during the 10 - min. test. 
Re~ult~ 
results or t e experiment were analyzed n two 
irst, the a ount or ~accharin co su ed prior to 
as analyzed to en~ure that all 20 groups 
y consu ed the same a ount or saccharin. Second, 
to assess the com8ined errects or CS - UC interval 
e, the a otnt or sacchar·n consu ed on each o~t­
rerere ce test was analyzed in a repeated easures 
or variance. Individual comparisons were also 
out to etermine which con itions had produced 
aversions~ and whether radiants or S 
s had occurred . 
sts 
ean amo nt of saccharin consumed 8 each groun 
e trai i g i~ presented in Ta•le 1. 5 x 4 (Velay 
BC:nce tration) analysis or variance (Winer, 1962) on the 
t or saccharin consu ed is u arized in Tale 2 and 
that there were no signirica t dirferences among 
s in their consu ption or saccharin prior to tra· ing. 
t is apparent that erore the exnerimental treatment 
out t ere were no dirrerences · the saccharin 
o~ the varia s experi ental and control rouns. 
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Table 1 
Mean Saccharin Consumption and 
standard Deviations for all Groups 
on Training Day (in ml.) 
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Table 2 
... nal ~rs1 s of Var · ar"ce for 
Pretrain1ng Consumption of ~accharin 
-~--
on,.ce +~-79 df M,S F' -----e1ay ( ) 4 
Conl"Pntration 
I .J ) 16.~3 3 5-54 1 .5o~~ 
.J X C 26.45 12 2.20 .60" 
1 rror 516.88 140 3.70 
.LTot ..... i o-ni f'ic ant 
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Post-training Tests 
The results of the post-training preference tests are 
presented in Table ). This table includes the 0.9% saline 
groups. However, since the isotonic groups were control 
groups their data werenot included in the main analysis of 
variance. The reason for excluding their data was that, 
in contrast to subjects' in the 2.7%, 8.1% and 12.15% 
groups, subjects in the 0.9% groups did not decrease their 
saccharin intake at any delay condition following training 
(see Tables 1 and 3). Hence including these isotonic 
groups in the main analysis would probably have i~lated 
any effects that might have been present. To be certain 
that 0.9% led to no differential effects across CS - UCS 
delays on preference days the saccharin intake or subjects 
in these 0.9% groups was analyzed separately in a 5 x 5 
(Delay x Preference Test) repeated measures analysis of 
variance (Winer, 1962). A summary of this analysis is 
presented in Table 4 and shows that there were no differential 
effects from delays. The only significant effect was a 
gradual increase in consumption over preference days which 
reflects only the gradual reduction or neophobia and 
certainly does not indicate any aversive effects from the 
isotonic saline. 
Day 
1 
2 
28 
Table 3 
Mean Saccharin Consumption and 
standard Deviations for all Groups on 
Post-training Preference Test Days 1 to 5 (in ml.) 
Saline cs - UCS Delay (in hr.) 
Concentration 
. 0.5 1.5 4-5 13.5 24.0 
X 9.81 10.56 9-94 10.63 9.94 
0.9% 
S.D. 3.38 4-39 2.37 3.00 2.53 
x 6.38 5.94 6.19 9..88 14.00 
2.7% 
S.D. 3.70 2.90 1.71 4.08 2.09 
x 
8.1% 
2.81 5.13 5.31 9.19 11.38 
S.D. 1.56 1.77 2.99 3-47 6.26 
x 1.56 2.81 3.94 7.63 9.00 
12.15% 
S.D. 1.27 1.75 2.61 2.03 3.88 
x 13.31 15.94 12.69 14.00 15.63 
0.9% 
S.D. 3.33 5.18 2.84 4-5o 4.56 
x 10.81 10.00 
2.7% 
9.44 13.25 16.00 
S.D. 5.24 2.90 2.47 3.01 2.05 
x 5.19 9.19 8.25 13.75 15.44 
8.1% 
S.D. 3.32 4.62 3.66 3.40 5.13 
x 
12.15% 
2.63 4-75 6.06 10.56 14.75 
S.D. 2.37 3.19 4.21 2.13 2.33 
l 
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Table 3 (continued) 
Day Saline cs - UCS Delay (in hr.) Concentration 
0.5 1.5 4-5 13.5 24.0 
X 13.81 16.19 12.69 14.56 15.94 
0.9% 2.85 2.88 S.D. 4-55 3.66 3.91 
x 13.88 15.31 12.56 14.69 16.31 
2.7% 
S.D. 5.24 2.80 3.42 2.56 3.27 
3 
x 8.69 11.31 11.75 16.56 15.56 
8.1% 
S.D. 4-38 3.71 4.83 3.91 5.72 
x 5-44 8.81 
12.15% 
8.75 13.63 16.63 
S.D. 4-24 5.36 5-13 2.55 2.52 
x 1.5.56 15.81 16.06 16.81 17.13 
0.9% 
S.D. 2.71 2.24 3-57 3.36 3-47 
x 
2.7% 
16.44 17.38 12.19 17.1.9 16.1.3 
S.D. 3.02 2.89 2.33 2.99 2.47 
4 
x 12.06 13.75 1.3.56 17.56 19.06 
8.1% 
r 
S.D. 3.89 3.41 3.90 3.39 4-47 
x 
12.15% 
9.38 12.69 11.94 15.31 17.75 
S.D. 6.02 6.38 5.17 2.56 1.56 
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Table 3 (continued) 
Day Saline cs - UCS Delay (in hr.) Concentration 0.5 1.5 4-5 13.5 24.0 
X 16.13 17.88 16.00 18.13 18.38 
0.9% 1.87 3.14 2.44 3.49 S.D. 3. 73 
:X 17.56 16.06 14.06 16.69 18.38 
2.7% 
3.65 S.D. 2.31 3.02 2.22 1.71 
5 
:X 15.06 14.31 15.31 16.94 19.13 
8.1% 
S.D. 3.32 2.15 3-39 3.01 4.18 
x 
12.15% 
12.38 15.94 15.56 16.06 17.75 
S.D. 6.24 4-97 6.14 2.40 1.75 
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Ta:.-,le 4 
.... a l vsi ~ of /ari.ance on uaccharin 
I take by Isotc1 i c ~8.1; ne r ... ,...o, s on 
.est-training 3'ere,...ence Tests 
.. 0·rce ss df' '\lTC' ...... :B 
e1a (a) 2A.38 4 31.59 0 .. 79: 
.._.y·~or 1.407. OJ 3c:' 1~ 0. 20 -
.re:f'erencc 
dar (- ) 1]-99 .. h9 4 297.42 ~ 1 . 22 ~- "-
-
X .. 6g.o o 16 4.25 0 AS·~ . ' . 
"') X .,JU j I)P0.12 1uo l .A6 -
""· 
& roups 
~ot si n·.f1cant 
.E.<. 001 
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rnsult- of a 5 · 3 x 5 (Uelay x Conco tration 
~ 1,101 r~r.co r~st) reueat d me sures an l,rsis cf' variance 
accbarin cons med by 
;~eriTental a~imals on the five Dost-training preference 
u ~t 0 are su~~arized in ra le ~. is analysis shows 
th t 11 r"lain eff'ects - .. ere signif'·cant. In addit·or.., the 
.uela.r X Preferenco re8.t; Concentrnti n X .i're .... erence Test 
~cl~~ x Ucncentrction x reference T.st "rteractions 
w re 1~o ~; ~ificant showing that th groups drahk 
iff' ri. p:, aMounts of' s~ .. ccharin on t e test daJs. 
I order to assess the precise di.ffe.,....ences am g 
t e ro~~~ and to c scover exactly w at etJeen day 
di~fercr.~es t ere were in t e aversions, comparisons, 
usi 4~ iltnnettrs test for making Multiple compariso4s wit 
e -me contrnl (bdwards, 19~0), were Made etween t e 
'"mo nt consu .. e ~ ·r each exper~!Tlental p;r up and the 
corresnondin~ c0ntro grou w ich ad recAived isotonic 
, . 
.. ..... 1 •. e. n aversion was de~·ned as sacchari. consumption 
;) n exne-ro: ental c;roup w i.e was sign"'fic ntly lower t n 
co .. suM ti.cn y ·t~ resoect"ve control group. 11 or exam le, 
t~e daily consumption one c prefer~nce test o.f the 2.71 -
n r 
·-
r., 8.1~- o.~ hr. nd 12 .1.5', ~ - 0. 5 hr. groups were 
a1 compared wi.t thnt of the 0.9~- 0.5 hr. roup. rhe 
ear c0rsUMption for each ~rou~ on each o.f the five 
r fererce tc t days ·s sh wn in igures 2,3, 4, S and 6, 
re~uectively, wh"ch ind"cate t e C3 - Tms delays qctually us d 
v.ll st8ndard sea e value ,.ar..d the rest, ts of the 
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Table 5 
Analysis of Variance for 
saccharin Intake by Experimental 
Groups on Post-training Preference Tests 
Source ss 
; 
Delay (D) 3517.19 
Concentration (c) 910.63 
D X c 527.31 
Error 4497.69 
Preference Test 
(P) 6800.19 
D X p 421.81 
c X p 139.06 
D X c X p 296.13 
p X o.JU j • 2519.25 
, ... ouns 
* Not significant 
E.< .05 
E. ( .005 
E.< .001 
df MS 
4 879.30 
2 455.31 
8 6.5.91 
105 42.84 H 
4 1700.05 
16 26.36 
8 17.38 
32 9.25 
420 5.99 
F 
20.53 ~h'}*~~ 
10.63 i~X-i~~~ 
1.54 * 
-
283.43 ~-~HP~-
4-40 iH~~H!-
2.90 ~r;~i~ 
1.54 {H:-
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Dunnett comparisons fo~ each delay condition a~d oreference 
test day are shown in Table f see Ta le R, ~ppendix, ~or 
critical values in. Dun!'ett com ariso~.s). 
Ta le 6 shows that, when differences between experinental 
and control subjects are considered across ureference test 
days, gradient eff'ects were in eed present. 1~hen the C3 -
UCS interval was extended . to 13.5 hr., ~·csrs which were 
effective in producin~ aversions at shorter intervals were no 
longer effect·ve. There were also gradients in the effective-
ness of different concentrations. rhat 1s, the 12.15~ 
aversions took lonLer to extin3vish (i.e., sow no differecce 
in intake fro'11 the 0.9~' !;rouprs intake) than the lower 
concentrations. It should also e noted that no ex erimental 
condition led to an enhancement of saccharin consumption. 
Yore specificallJ, the Uunnett tests revealed that 
only the three experimental concentration!" at C3 - .. JC...., del ys 
of 0.5 hr., 1.::' r. and !~ • .5 hr. showed significant aversior:s 
on Preference Day 1. No de_ay longer than 4.5 hr. p oduced 
significant effects wi tl any of the sal~l e cot ... centratior ... s. 
It ca e seen from rigure 2 that all experi~ental groups 
at del ys of L~.5 hr. or leRs consumed c0nsiderably less 
saccharin than their respective control groups wh·le grou~s 
at delays longer than ll.. 5 hr. did not. n o t .... or words, 
aversions decrerr ed in stre~cth with increased CS - ~C8 
interval and dec eased sA.li e conce trat~on. 
On T st :Jay 2, onlv seven of the n 4 ne ;;ron'ls t~ at 
showe0 significant avers·~ns on Test vay 1 still s~ow ~ a 
Day 
1 
2 
3 
4 
5 
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Co~parisons of all Lxperi ental 
Grouos to Control ... roups at al1 ('~) _ Ut;_ 
!:ntervals on a,, •ost-trai.ninp: Pref'erence 
-------------
Saline I ' 
Concentration 0.5 
2.7"f 
8.1o1 
12.1 s;' 
12 .15?r 
12.151 
12.1r:;'f 
_,_ 
" . ii"' 
, _,. 
, " 
·i'-
C.J 
1 . S 
• v 
' 
-:~ 
------------------·------·-----------
,~ -;· 
, ' 
" -
(in hr. ) 
13 • .5' 
~H} .£ < • 01 
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significantly lower consumption than their control groups. 
The 2.7% - 0.5 hr. and 2.7% - 4.5 hr. groups no longer 
consumed less than their isotonic control groups. The 2.7% -
1.5 hr. group, however, still showed an aversion, which is 
not in line with the principle that the effectiveness of the 
UCS decreases as the CS - UCS interval increases since a 
group with the same saline ,concentration but a shorter delay 
(2.7%- 0.5 hr.) did not show an aversion on oay 2. Inspect-
ion of Table 3 shows that the mean for the 2.7% - 1.5 hr. group 
was not out of line with the other 2.7% groups. Thus it 
appears that the aversion found for the 2.7% - 1.5 hr. group 
probably occurred as the result of a sharp, and unexplained, 
rise in consumption by the 0.9% -1.5 hr. group, the control 
group for the 2.7% - 1.5 hr. group. This fluctuation was 
probably caused by sampling error and, therefore, is not a 
serious exception to the orderliness of the results. 
On _est Day 3, none or the 4.5 hr. delay groups showed 
aversions, nor did the 2.7% - 1.5 hr. group. Only animals 
who had been trained with the two stronger concentrations, 
8.1% and 12.15%, and at the two shortest delays, 0.5 and 
1.5 hr., were still consuming less saccharin than their 
isotonic control groups. By Breference Day 4 only two groups, 
the 12.15% - o.5 hr. and the 12.15% - 4.5 hr. groups, still 
showed significant aversions to saccharin. This also is not 
what would be predicted if the UCS decreases in effectiveness 
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as the CS - UCS interval increases since the 12.15~ - 1.5 hr. 
group did not show an aversion while the 12.15~ - 4.5 hr. 
group did. However, as Figure 5 shows, the consumption of 
these two groups, the 12.15~ - 1.5 hr. and the 12.15~ -
4.5 hr. groups, differed very little, with the result that 
the difference between the 12.15% - 4.5 hr. group and its 
control group was marginal~y significant while that between 
the 12.15% - 1.5 hr. group and its control group was not. 
Finally, on Preference Day 5, no groups differed from the 
isotonic groups in their saccharin consumption. That is, 
by the fifth preference day, all aversive effects of the 
UCS (as measured by lower saccharin consumption) had been 
extinguished. 
The results of the Dunnett tests show a regular 
pattern with respect to the extinction rate of the aversions. 
That is, the nine aversions produced on Day 1 showed a 
gradient of effectiveness in terms of how well they resisted 
extinction during the subsequent preference tests. The 
aversion of the weakest saline concentration at the longest 
effective delay was the first to extinguish (i.e., the 
2.7%- 4.5 hr. group). Next, all 4.5 hr. delay aversions 
extinguished, as did all 2.7% aversions. Then all 8.1% 
groups and 1.5 hr. groups ceased to be effective in maintain-
ing their aversions. Finally the aversion from the strongest 
concentration at the shortest delay (i.e., 12.15%- 0.5 hr.) 
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extinguished. In other words, the aversion produced by the 
weakest concentration at the longest effective delay 
extinguished fastest and the aversion produced by the 
strongest concentration at the shortest effective delay 
extinguished slowest, while aversions produced by other 
combinations of concentration and delay were intermediate 
in their extinction rates. 
Although it was clear from the Dunnett tests that a 
gradient of effectiveness did exist between preference days 
in terms of the extinction rates of the aversions, it was 
not clear whether such a gradient also was present ithin any 
of the preference test days. Theref·ore individual~ tests 
(Ferguson, 1966) were made on the data for Preference Test Day 
1. Comparisons were made on only the first test day since 
the results of the Dunnett's tests suggested that the 
differences would be most apparent then. Delay and concentrat-
ion effects were considered separately since in the overall 
analysis, s~~arized in Table 5, the Delay x Concentration 
interaction was not si nificant. Even when considered over 
extinction days the Delay x Concentration interaction was 
only marginally significant. Hence, within a single 
preference test day, the effects of delay and saline 
concentration could be considered independently. 
To look at delay effects, the experimental saline 
groups at each delay were pooled and compared vrith the isotonic 
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group for that delay. The result of this grouping is shown 
in Figure 7 (see Table 9, Appendix, for~ values). The t 
tests revealed a pattern that was similar to the findings of 
the Dunnett tests for Preference Test Day 1. Intubated 
saline led to a decrease in saccharin consumption at CS -
UCS intervals of' 0.5 hr. (:£ < .0001), 1.5 hr. (~ < .01) and 
4-5 hr. (E.< .0001). • Intubated saline did not produce any 
decrease in saccharin consumption at intervals of 13.5 or 
24.0 hr. Newman - Keuls comparisons among the means for 
the three groups which showed aversions revealed that 
there were no differences in consumption. Thus the e1ay 
gradient for CS - UCS delay is a two-point gradient on 
Test Day 1 - - delays up to 4.5 hr. were effective and 
those of 13.5 and 24 hr. were not. 
The concentration effects were assessed by pooling the 
data for each saline concentration over CS - UCS intervals. 
Comparisons were made between each experimental group and the 
pooled isotonic control group. The result of this pooling 
of data is shown in Figure 8 (see Table 10, Appendix, for t 
values). The t tests here showed that all experimental 
saline groups were effective in producing conditioned 
aversions to saccharin (:£ < .05, .E. < .0001 and .E. <: .00001 for 
2.7, 8.1 and 12.15% respectively). Newman - Keuls comparis-
ons among the three means showed that there was some grading 
in the effectiveness of the experimental saline concentrations. 
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The aversion produced by 12.15% saline was stronger than 
that produced by 2.7% saline. There was, however, no 
difference in the strengths or the aversions produced by 
8.1 and 2.7% or in the strengths or the aversions 
produced by 8.1 and 12.15%. 
The results of this analysis do not reveal as many 
difrerences in the initial strengths of the saccharin 
aversions as were reflected in the extinction rates or the 
various aversions (see Table 6). This difference may be 
accounted for in one or two ways. On the one hand the 
testing procedure may not have been sensitive enou h to 
detect differences in the initial strengths of the aversions 
even though the procedure could reflect differences in 
the extinction rates of these aversions. On the other hand, 
part of the discrepancy may have been caused by floor 
effects in the data. However, since these same concentration 
and CS - UCS delay combinations extinguished at quite 
different rates, it seems unlikely that floor effects alone 
could have produced a maximal aversion in so many or the 
groups on Preference Day 1. Rather, it seems likely that 
a more sensitive preference test was needed. To keep the 
present research comparable with most other studies in 
poison-based avoidance learning, animals were tested here 
with a one bottle preference test when 24.0 hr. water-deprived. 
This produced conflict in the animals since their only 
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source of liquid on a test day was the saccharin so ution 
which had been paired with sickness. The results were 
inflated saccharin consumption by the animals and hence few 
differences in the initial strengths of the aversions. 
The extinction rates did differ, however, since the animals 
with the strongest aversions took longer to overcome the 
conflict and increase their saccharin consumption any 
further from that of Preference Day 1. In other words, 
the relative strengths of the aversions were more reliably 
demonstrated by how long it took each group to extinguish 
its aversion. 
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the findings of the study may be taken as further support 
for the generality or delay of reinrorcement gradients 
in long delay poison-based avoidance learning. 
The effectiveness of intubated saline in producing 
long delay poison-based aversions can be compared with the 
findings of representative studies using other toxins. 
For example, Green (1969) usipg three pairings of apomorphine 
as a UCS and grape juice as a CS found that a delay of two 
hours did not produce as strong an aversion as a delay or 
five minutes did. Nacbman {1970a) used one pairing of 
lithium chloride as UCS and saccharin as CS at CS - UCS 
delays of 1 min., 15 min., 60 min., 4 hr., 8 hr. or 12 hr. 
He round that the amount of aversion was directly related 
to the sickness delay interval but that animals at all delay 
conditions were consuming significantly less saccharin than 
a control group injected with isotonic saline consumed. Smith 
and Roll (1967) used one pairing or irradiation as UCS and 
saccharin as the CS at CS - UCS delays of 0.0, 0.5, 1.0, 
2.0, 3.0, 6.0, 12.0 and 24.0 hr. They round a very clear 
gradient of effectiveness - the treatment produced significant 
aversions at delays up to 6.0 hr. The aversion at the 12.0 hr. 
delay, although reported by Smith and Roll as an aversion 
was actually not significant (£< .07). The 12 hr. animals 
did, however, consume less saccharin than the 24.0 hr. 
animals. From these studies it can be concluded that the 
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delay gradient found with saline is not unlike that found 
with other toxins. The saline aversion seems to be stronger 
than that from apomorphine, since the apomorphine aversion 
showed a decrease in effectiveness at a delay of two hours. 
However, as two hours was the longest delay used by Green 
(1969) in the apomorphine study a more complete comparison 
is not possible. The gradie~t found for lithium chloride 
by Nachman (1970a) is very similar to the saline gradient 
found here. By four or four and half hours, animals were 
consuming more than they did at the shorter delays, but 
were still showing a significant aversion. It is not possible 
though to determine where lithium ceases to be effective, 
since, in the Nachman study, it produced significant 
aversions at all delays tested (i.e., up to twelve hours). 
Radiation also produced a similar gradient to that shown by 
saline, and ceased to be effective at close to the same 
CS - UCS delay (i.e. at about twelve hours). In short, 
the saline intubation led to a delay of reinforcement gradient 
not unlike those found with other toxins in general shape 
and length. 
The results of the present study can also be compared 
with the gradient found with one other toxin - cyclophos-
phamide -in a study by Wright, Foshee and McCleary (1971). 
This study was more similar to the present one than those 
already mentioned in that both UCS dosage and CS - UCS 
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interval were varied. Speci~ically, the study used three 
training trials with cyclophosphamide as the UCS, at dosage 
levels or 25, 50 and 75 mg/kg or body weight, and at CS -
UCS intervals o~ 30, 75 and 120 min. Extinction was 
measured over three post-training preference tests. Direct 
comparisons between the gradient or the Wright ~ ~ (1971) 
study and that or the present one are only possible at as -
• 
UCS delays of up to 2 hr. since that was the longest delay 
used by Wright et ~· Within this limit, the cyclophosphamide 
gradient appears to have been steeper than the saline one 
since the Wright ~ al study did find a delay effect with 
delays as short as 2 hr. Delays or 4.5 hr. were necessary 
to observe a decrease in effectiveness with saline as the 
UCS. Also it is not possible to say just how long a gradient 
cyclophosphamide would produce as this was not tested in 
the Wright ~ ~ study. 
One more factor about the saline gradients should be 
mentioned. On Preference Test Day 1 the gradients were or 
a very abrupt nature. With respect to concentration, a 
saline strength of 12.15% was more aversive than one of 
2.7% but was equivalent in strength to one of 8.1%. In 
terms or delays between cs and ucs, delays or 0.5, 1.5 
and 4.5 hr. produced aversions or equivalent strength 
while delays or 13.5 and 24.0 hr. produced no aversions. 
The delay at which intubated saline ceases to be effective 
must lie between CS - UCS intervals of 4.5 and 13.5 hr. but 
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its exact location cannot be determined from the present 
data. From the two studies mentioned which have used 
delays of 12 hr. or longer (Nachman, 1970 a; Smith & Roll, 
1967) it can be predicted that consideration of intermediate 
delays should lead to aversions of intermediate strength. 
Hence, to see whether the concentrations of saline used 
in the present study differ in terms of the maximum interval 
at which each is effective, further research will need to 
look at OS - UCS delays between 4.5 and 13.5 hr. 
One point of interest related to Capretta's (1961) and 
Braveman and Capretta's (1965) findings is the range of 
saline concentrations found to be nonlethal. Both studies 
used 10% saline, although neither states why this concentra~on 
was used. From the pilot work done to select the concentrations 
for the present study it is now quite clear that 10% is in 
fact fairly close to the upper limit of nonlethal doses. 
This follows from the fact that the pilot work here found 
that any dose over about 13% saline would be fatal in some, 
if not all, animals who had been on a water - deprivation 
schedule for two weeks. 
Finally, the findings of the present experiment shed 
light on the outcome of the pilot studies and on why one of 
them produced a delay of reinforcement gradient while the 
other did not. In the present study, aversions with the 
12.15% concentration were found at CS - UCS delays up to 
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been water-deprived. 
This question of differences in deprivation is one 
which has since been further investigated by the author 
(Andrews and Braveman, unpub. data). It is a question 
that will be of importance in any attempt to apply poison-
based aversions in such areas as aversion therapy (Revusky, 
in prep.) or pest control (~rtin, in prep.). In such 
situations subjects would probably not be on a severe 
liquid deprivation schedule. The indication of pilot 
study l is that such a procedure will probably produce 
stronger aversions than when a deprivation procedure is 
used. This in turn implies that the present experiment 
might have produced stronger aversions and longer delay of 
reinforcement gradients if subjects had not been water-
deprived. Hence, the absence of strict liquid intake control 
in the use of poison-based avoidance learning in alcohol 
aversion therapy or in pest control may be an asset rather 
than a disadvantage. However, in order to keep fairly close 
to the procedures of most poison-based avoidance learning 
studies, Capretta's in particular, a deprivation procedure 
was employed in the present experiment. The question is 
one, however, that may warrant further study in the future. 
To summarize, the present experiment varied saline 
concentration (UCS) and CS - UCS delay factorially in a one 
trial poison-based avoidance learning situation. Results 
indicated that the main effects for concentration, delay 
and preference test day were all significant. There were 
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also signiricant Delay x Prererence Test, Concentration 
x Preference Test and Delay x Concentration x Preference 
Test interactions. These findings were interpreted as meaning 
that one trial saline - induced aversions could be produced 
with saline concentrations or 2.7, 8.1 and 12.15~ at CS -
UCS intervals up to 4.5 hr. These aversions followed the 
usual learning relationship& in such a way that the 
strength of aversion varied directly with strength or UCS 
and inversely with the CS - UCS interval. In terms or 
extinction rate, the strongest aversions were the 12.15~ 
aversions at the shortest delays and the weakest aversions 
were the 2.7% ones. Finally CS - UCS delays longer than 
4.5 hr. were not effective in producing aversions at any 
saline concentration used. 
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